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Introduction
The NAE/NRC-NASA Langley Cooperative Program on Two-Dimensional Wind Tunnel Wall
Interference Research was initiated in 1984. The objective of the program is to de-
velop the technology for elimination of correction of wall interference in transonic
two-dimensional tests using the Langley 0.3-m_Transonic Gryogenic Tunnel with an
adaptive wall test section and the NAE 1.5-m High Reynolds Number Two-Dimensional
Test Facility. A common model with the CAST 10-2/DOA-2 profile and 228 mm (9 inches)
chord length has been tested in both tunnels. The tests performed in NAE covered the
Mach numbers from 0.3 to 0.8 and Reynolds numbers from i0 to 30 million. The model
was tested with transition free and with transition fixed at 5 percent chord for both
the upper and the lower surfaces.
The NAE facility consists of a two-dlmenslonal test section inserted into the
1.5 m transonic test section of the Trisonic Wind Tunnel. The 2-D test section is
0.38 m (15 inches) wide, 1.5 m (60 inches) high and 3.6 m (141 inches) long. The
side walls are solid and the top and the bottom walls are perforated with 21% poros-
ity, the surfaces of which are covered by fine mesh screens for elimination of edge
tone generated by the perforation. A static pressure tube is installed along the
center-line of each wall for monitoring the pressure distribution at the wall. The
model is situated at mid-height of the test section. A balance is housed at each
side wall and the model is mounted on both balances. The side wall boundary layer
in the vicinity of the model is controlled by normal suction. The suction area,
0.61 m x 0.46 m (24 in. x 18 in.), is covered by a porous plate and moderate suction
is applied to control the adverse growth of the boundary layer. A pitot rake with
four probes is mounted 0.41 m (16 in.) downstream from the model trailing edge for
measuring the wake profiles. The tunnel is precisely controlled to give the required
free stream Mach number and Reynolds number. The test results are available in
tabulated and graphical forms immediately after the test run. The airfoil data are
corrected for the top and bottom wall interference. The effect of sidewall boundary
layer is being investigated.
Conclusions
The data obtained have been analysed for the effects of Reynolds number, tran-
sition fixing and Mach number. The role of the boundary layer on the displacement
effect, the interaction with the shock wave and the trailing edge separation are
examined. The results are summarized as follows.
i. The airfoil performance depends strongly on Reynolds number and transition
fixing.
2. With transition fixed, the aerodynamic quantities such as lift, pitching moment
and drag show a monotonic variation with Reynolds number.
, With transition free, the aerodynamic quantities vary less regularly with
Reynolds number and a slight parametric dependency is shown. The weak dependency
is due to the compensatory effect of the forward shift of the transition position
and the thinning of the turbulent boundary layer as Reynolds number increases.
4. The shock Mach number and the shock position are weakly dependent on Reynolds
number.
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. The long extent of the laminar boundary layer at transonic speeds reduces the
drag appreciably at low Reynolds numbers. The drag bucket around the design Mach
number can be observed below Reynolds number 15 million.
157
AIRFLOW_ ,
BOUNDARY LAYER
BLEED SLOTS
NOZZLE PANELS
/
,/t'1 _.
FLAT PANELS
POROUS TURNTAGLE
ANO FORCE BALANCE
POROUS PLATE FOR
SIDEWALL BOUNDARY
LAYER CONTROL
AIRFOIL MODEL
STATIC PRESSURE _"_"
TUBES (FLOOR It CEILING}
NAE -2- DIMENSIONAL
TEST SECTION
DIFFUSER
EJECTOR
FLOW CONTROL
VALVE
MOUNTING
SUCTION BOX
158
IJL
_ 1,60" SLOT
1
SIDEWALL MOUNTED WAKE TRAVERSE PROBE SYSTEM
HOLE HOLE
NO. X" NO. X"
1 -80900 21 -2.gO0
2 -74.900 22 - 1.400
3 -68.900 23 0.100
4 -62.90CI 24 1.600
5 -56.900 25 3.100
8 -50.900 26 4,600
7 -44,900 27 6.1{}0
8 -38.900 28 7.600
9 -32.gOO 2g g, lO0
10 -28.900 30 10.600
11 -23900 31 12,100
_2 -2O.gO0 32 15.100
13 -17,900 33 18.100
14 -14.900 34 21,100
15 -f 1,gOO 35 24.100
16 -10.400 36 27.100
17 -8,900 37 32,100
18 -7.400 38 37.100
19 -5.900 3g 42,100
20 -4,400 40 47.100
PRESSURE TU81NG
0.020" I D I_ I"
0.032" OO AL TUBING
BALANCE
I
I
i
WALL STATIC TUBES
159
SECT]ON PROF']LE OF' CAST-IO-2/DOA AIRFOIL
& PRESSIIRE ORIFZCE LOCATION
LEADING EOGE----_
•..;:".-..--'- ".--'-: "-. ....... ,_
• S LEAD ING EDGE
%-'.-..-',--.-'. .....• ?_._.. ..... ._'.: .......
• • • • • • • J#
UPPER SURFACE LOWER SURFACE
LOCATIONS OF PRESSURE ORIFICES AT UPPER AND LOWER
SURFACES PLANE VIEW
160
3O
X
n
2s
20
10 --
6 --
0.0
9
2 is
x
n-
TRANSITION F RE E
TRANSITION FIXED
X ) X XXX
rJw m m • "nnnm
O0 m m I_ _m
m m W re OI WW mn
I I I I I I I I
0.3 0.4 O.S 0.6 0.7 0.8 0,9
M.
ENVELOPE OF TEST CONDITIONS
0.4 M. - 0.705, _ - 0° 0.4 fie c - 10X10 |
0.3
xt
I:
0.2
0.1
0.3
x t
¢
0.1
A._-,xj___ (_, M. - 0,765
O -_M_(_ - 0°
0,4 0.6 0J 1.0 M.
0 I I I OI I I I I I I
10 20 30 -1 0 1 2 3 4 5
Re¢ X 10II
EFFECTS OF REYNOLOS NUMBER. MACH NUMBER AND INCIDENCE TO LOCATIONS OF BOUNDARY
LAYER TRANSITION ON THE UPPER SURFACE OF THE MODEL
161
0,06
I
0.05
0.04
Cow
0.03
0,02
0.01
IV,,, - 0.765
R*¢ X 10 4 VsAJ
• G 10 0.0078
• Q 29 0.0085
_ SYMBOL TRANSITION
• _ OPEN FREE
_'_ _. SOLID FIXED
b ____ i _ _ or = 1.35 e
0.0 I I I I I
0.0 0.2 0.4 0.6 0.8 1.0
y_a
2
SPANWISE WAKE DRAG VARIATION AT VARIOUS REYNOLDS NUMBERS FOR
TWO ANGLES OF ATTACK WITH'FIXED OR FREE TRANSITION,M- " 0.765
-0,1
Cp
-0,0
0,0
0.2
M. - 0.7M
X lo 4 v._u
Q 10 O_07E[D 20 O,O_E
EYMIOL TRANSITION
OPEN FREE
SOLID FIXED
UPPER SURFACE
-oi, -oi, o.o ._ o_ O.E
a = 3.35 °
.t _L =_-..-_- .- _-.__._--_-
• , __ _ ' _" 1.1S°
LOWE R SURFACE
SPANWISE PRESSURE DISTRIBUTIONS AT X/C - 0.9 FOR TWO ANGLES OF
ATTACK AT VARIOUS REYNOLDS NUMBERS WITH FIXED OR FREE
TRANSITION,M. = 0.765
162
-0.18
-0,]1
-0.]0
NASA CAST lO-2/DOR 2 Y,Y. CHAN
• 31356./I I 0.766 9.9 0.0]3 0,0087 -1.87
• 31356/I 2 0.767 ]0.0 0.171 0.0074 -1.05
• 31356/I 3 0.767 I0.1 0.317 0.0080 -0.18
• ._._356/1 I 0.766 10._ 0.457 O.DOBO 0.66
• 31366/! 5 0.766 10.1 0.630 0.0107 1.38
rjl¢COItltZC't'l_:, OATA- 21=FCB-87
"0.0B
Cp
-0.02
0.02
0.06
, °"
0.10
-_0.0
z
X/C
-7.5 -5.0 "2.5 0.0 2.5 5.0
TYPICAL STATIC PRESSURE DISTRIBUTIONS ALONG
TOP AND BOTTOM WALLS OF TEST SECTION.
RUN 2_B12/6
5H - -0.0073
Rc - ]0.23_I08 5o - -0.663 °
M - 0.772_ CK$_H/&_ - 0.0010
" 2.441 ° cw$_oI$_ - -O.OOB °
CN - 0,627_
CX - -0.0025 Mcor " 0.7651
CH - -0.082_ Oco_ " |.778 °
- 0.0850
c/_ - 0,15_0
t_
<5-
o
-8.0 -4'.0
• mBosurOd
LntrpoLoted
0'.0 1.0
X/C
TYPICAL INTERFERENCE CALCULATION FOR
SPECIFIC MODEL CONDITION.
163
aLIFT VERSUS ANGLE OF ATTACK AT VARIOUS REYNOLDS NfJMBERS
WITH FIXED OR FREE TRANSITION AT NOMINAL M. - 0.785
M.- 0._
_ X 10 "l 1_T1_
÷
"" ID FREE
TO I ,IXEO
• X
"0r10
"I_+13 I I I 1 I I
°0a 01D O'3 0.4 0J ell 1,1P
%
PITCHING MOMENT VERSUS LIFT AT VARIOUS REYNOLDS NUMBERS
WITH FIXED OR FREE TRANSITION AT NOMINAL M. - 0.765
164
O.O20
co.
0.015
Re 6 XlO 4 TR AN_IITION
Q 10_ FREE
_'1.12
FIXED!
+
r"
Q l I I f f ,,r
-0_2 0 OJ O.4 O_ @.S 1,0
C%,
DRAG VERSUS LIFT AT VARIOUS REYNOLDS NUMBERS WITH FIXED OR
FREE TRANSITION AT NOMINAL M. - 0.765
0.80
0.75
0.70
CLp
0.65
0.55
O.SO
M. - 0.765
(x- 3.3S °
.,,.,, ,*..- e _"
e.-"
(x - 1.35 °
. I I I I
10 20 30 40
Re o X 10 "4
REYNOLDS NUMBER DEPENDENCE OF LIFT FOR TWO ANGLES OF ATTACK
WITH FIXED OR FREE TRANSITION
165
0040
0 035
0 030
0.0_
CO w
0+020
0.015
0.010
0.005
NSITION FREE
• • TRANSITION FIXED /
/
A
Ct a - 1.36 °
10 20 30 40
R% X 10 4
REYNOLDS NUMBER DEPENDENCE OF DRAG FOR TWO ANGLES OF ATTACK
WITH FIXED OR FREE TRANSITION
I
-20i
---- • _BL2/; 5 0.766 IO,2 0,355 0.0116 1.33
° 29eL4/1 3 0,TGE :)0.3 0,S96 0,0;22 h3]
_- " 31355/1 5 0.764 S.l 0.607 O.0G70 h3g
• _ - 31356/I 5 0.766 I0,I O.e3G 0.0]07 .38
• 3135]/1 5 0.757 20.4 0.605 0.0]22 1.39
• 32168/1 ] 0,7B7 29.t 0.596 0.0119 ].3B
-- CORR[CTCD OATR - 2g-M_1-B7
j 4
E
o._ _._ o_ o._V%,_ _o ,.2
REYNOLDS NUMBER EFFECTS ON SURFACE PRESSURE DISTRIBUTIONS
AT NOMINAL cx = 3.35 °, M. = 0.765. THE FIRST TWO CASES ARE WITH
TRANSITION FIXED, THE REST ARE TRANSITION FREE
166
i sY_ RUN SCnN . .: ch, c_ nLV_
-- , = 29812/2 3 0.765 10.2 0.687 0.0346 3.26
I • 29014/J 5 0.765 20.4 0.7(]0 0.0353 3.23
• 31355/I 9 0.763 6.I 0.7B6 0.0221 3.20
-- • 31356/1 9 0366 I0.] 0,690 0.037| 3.35
• 31354/1 4 0.767 20.4 0,683 0.0384 3.35
• 32f70/I 2 0.767 29.7 0.696 0.0383 3.29
-- ' CORRCCTC0 0RTR - 2g-MR¥-87
J_ "', L
/ l
0.0 0,2 0.4 0.6 X/C 0.0 1.0 1,2
REYNOLDS NUMBER EFFECTS ON SURFACE PRESSURE DISTRIBUTIONS
AT NOMINAL oc - 1.35 °, M. - 0.765. THE FIRST TWOCASES ARE WITH
TRANSITION FIXED, THE REST ARE TRANSITION FREE
0,70 B-_
0.65
\_. X ,/1 I'+'_ '*(I:l"_+O.lO
_t
¢
0.55
0,50
0.45
M. - 03(_8
RI¢ X 104 TRANSITION
'' }_ 10 FREE13 2O
• lO
• 10 I FIXED)
<,
0.40 I I I I I t , I
0.1 0.2 O.S 0,4 O.S 0,# 0,? 0,0
CLI
SHOCK LOCATION VERSUS LIFT AT VARIOUS REYNOLDS NUMBERS WITH
FIXED OR FREE TRANSITION AT NOMINAL M. - 0.765
167
uol
clT|
• _o FmEE
Q 2O
-o, }.....
\
u o_m
• a_ x lO_ TnANSITi_
0% 0'o o'_ :_ °,' ,,' °, :. ., o'.
TRAILING EDGE PRESSURE VERSUS LIFT AT VARIOUS REYNOLDS
NUMBERS WITH FIXED OR FREE TRANSITION AT NOMINAL M. - 0.765
31 I I _ I
-20 -10 0,0 I0 :tO ,0 40 SO 0 _0
LI FT VERSUS ANGLE OF ATTACK AT VARIOUS MACH NUMBERS AT
NOMINAL Re© - 30 X 106 WITH FREE TRANSITION
168
Re c - 30 X 10 4
M.
°0.04
-0.06
Cm c
4
-0.08 -
-0.10 -
-0.12
-0.2
X 0.697
O 0.730
+ 0.750
A 0.769
0.781
O 0.792
I
+ /
13 x .--.'--'_+ _ x _x
x _ x -"---- x_ x _ x "_"'-,,___L I _
I I I I I l
0,0 0.2 0.4 0.6 0.8 1.0
CLp
PITCHING MOMENT VERSUS LIFT AT VARIOUS MACH NUMBERS
AT NOMINAL Re© = 30 X 106 WITH FREE TRANSITION
I
1.2
0060 lie,. 30X104
II.
X e.l_
OOZS • 0.730 X
4. 0.711e !
o.o_
%,
/
+
OOlS z
oo_o
o_'_
o , , : ,' , ,, ,
-oz o.o o.1 .4 I e.ll 1.1
DRAG VERSUS LIFT AT VARIOUS MACH NUMBERS AT NOMINAL
Re c - 30 X 106 WITH FREE TRANSITION
169
120
10.0
11.0
7.0
6.0
6,0 @
0,0
9.0
CL_r
8.0
Re c X 10 "a TRANSITION
O 10 }
rl 20 FREE
¥ 3O
I I I I I I [ !
0.3 0.4 0.6 0.6 0.7 0.8 0.0 1.0
M.
LIFT CURVE SLOPE AT ZERO LIFT VERSUS MACH NUMBER AT VARIOUS REYNOLDS NUMBERS
WITH FIXED OR FREE TRANSITION
0.0
CLMA x
0.8
0.7
Re© X 10 "4 TRAN61TION
O 10 }
, rn 29 FREE
o,.I
O.S I
0.70 0,72
r I I I
0.74 0.70 0.78 0.80
M.
MAXIMUM LIFT VERSUS MACH NUMBER AT VARIOUS REYNOLDS NUMBERS
WITH FIXED OR FREE TRANSITION
170
- -2ol
I
MACH NUMBER EFFECTS ON SURFACE PRESSURE DISTRIBUTIONS AT
NOMINAL = - 3.35 °, Re= - 20 X 106 WITH FIXED TRANSITION
171
0.011
R% X 104 TRANSITION
Q 10 }
A 20 FREE
V 3O
• 10 I FIXED
• 20 )
CDMIN " CDw(MIN.)
0.00s I I I I I I
0.0 0.3 0.4 0.5 0.6 0,7 0.8 0,9
M.
MINIMUM DRAG VERSUS MACH NUMBER AT VARIOUS REYNOLDS
NUMBERS WITH FIXED OR FREE TRANSITION
0.016
0.014 --
CD m
0.012 --
0.010 --
0 O08
0.006 _//_
0.3
DRAG AT CLp=
Re¢ X 10 -e' TRANSITION
• 10 }
I 15 FIXED
A 2O
O 10 _)
G 15 FREE
I
* 20 II
v 30 .e, ..J
CL_ - 0.60
- /• --O'-" "" _ -" dCo w
dM.
÷
I I I I . , ,!
0.5 0.6 0.7 0.ii 0.9
M.
0.B VERSUS MACH NUMBER AT VARIOUS REYNOLDS NUMBERS WITH FIXED
OR FREE TRANSITION
172
0.014
0013
0.012
CD w
0.011
0.010
0.009
0.008
0.007
M.- 0.765
& O TRANSITION FREE
• • TRANSITION FIXED
_ CLp " 0.6
"_"0
J_" --.- ...,.
""J-_._ _ C% = 0.5
_ P
"_'A
= .
I I I I I I I
10 20 30
Re c X 10 "A
I
4O
REYNOLDS NUMBER DEPENDENCE OF DRAG AT M. = 0.765, CLp = 0.5, 0.6 WITH FIXED OR FREE TRANSITION
173
0.79 -"
0.78
0.77
McI
0.76
0.75
0.74
0.73
0.72
Q TRANSITION FREE
I TRANSITION FIXED
CLp - 0.6
• 0--.._
"" "" O
_'_ _ _ _ _ CL p ,m 0.9
I I [ I I , I I I I
10 20 30 40
Re,,. X 10 .6
REYNOLDS NUMBER DEPENDENCE OF DRAG WITH MACH NUMBER FOR TWO LIFT CONDITIONS WITH FIXED
AND FREE TRANSITION
174
